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Fatigue Limit of Chromium-Plated Steels 
for Aircraft 


In addition to decorative use on such articles as auto- 
motive headlights and bathroom fixtures, chromium 
plating is widely used on gages, cylinder walls, piston 
rings, and other machine parts where resistance to 
wear is an important factor. However, the advan- 
tages of chromium plating, in the absence of proper 
precautions, may be offset by the adverse effect of the 
plating on the fatigue limit* of the basis metal. Re- 
cently Hugh L. Logan of the Bureau’s Mechanical Met- 
allurgy laboratory made an extensive study of the 
effect of chromium plating on the fatigue limit of steels 
used in aircraft. This investigation,? sponsored by 
the Bureau of Aeronautics, Department of the Navy, 
provides information of interest not only to aircraft 
manufacturers but also to a number of other indus- 
tries that produce or utilize chromium-plated machine 
parts. 

Specimens about 14 in. in diameter were machined 
from three lots of SAE X4130 rod and one lot of 6130 
rod. The X4130 steel was either normalized to a 
Rockwell hardness of 90-B or quenched and tempered 
to a hardness of about Rockwell 40—C, whereas the 
6130 steel was quenched and tempered to a Rockwell 
hardness of 33-C. After grinding, polishing, and 
chromium-plating, the specimens were subjected to 


1The maximum stress that a part will withstand without failure for a 
specified large number of repeated or cyclic stresses. 

“For further technical details, see The effect of chromium plating on the 
endurance limit of steels used in aircraft, by Hugh L. Logan, J. Research 
NBS 43, 101 (1949) RP2011. 
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fatigue tests in the R. R. Moore type of rotating-beam 
machine operating at 1,800 or 3,600 revolutions per 
minute. Eight or ten specimens usually were required 
to obtain the fatigue limit for any one set of conditions. 

In all cases chromium plating was found to reduce 
the fatigue limits of the steels studied, although the 
effect was less pronounced under some conditions than 
others. In general, the reduction in fatigue limit in- 
creased with increased hardness of the steels. For 
steel of a given hardness, the fatigue limit decreased 
with increased temperature of the plating bath. Al- 
though plate thickness appeared to have little effect on 
the fatigue limit of specimens plated in a bath at 55° C 
and a current density of 350 amperes per square foot, 
no generalizations could be made regarding the ef- 
fect of this factor at other current densities and 
temperatures. 

It was discovered that the fatigue limits of specimens 
plated and subsequently ground to remove a part of 
the plating were equal to or greater than those of speci- 
mens initially plated to the same thickness as the ground 
specimens and tested as plated. Other experiments 
showed that interruptions of the plating process did 
not reduce the fatigue limit of the plated specimens 
provided proper precautions were taken for continuing 
the plating. 

Chromium-plated objects often are heated to tem- 
peratures between 90° and 200° C with the object of 
improving their mechanical properties by expelling 
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the hydrogen deposited with the chromium. A sys- 
tematic study was therefore made of the effect of 
heating on the fatigue limit of chromium-plated steel. 
The results showed that the fatigue limits of quenched 
and tempered specimens heated after plating decreased 
to a minimum value for some heating temperature be- 
tween 100° and 300° C and thereafter increased with 
increased heating temperatures. Fatigue limits of 
specimens heated for 1 hour at 440° C in some cases 
were 87.5 percent of that of the unplated steel, whereas 
fatigue limits of specimens plated but not heated, and 
of specimens heated 1 hour (in air) at 193° C, were 
only 68 and 27 percent, respectively, of those of the 
unplated steel. 

Three possible causes for the adverse effect of chro- 
mium plating on the fatigue limits of the steels were 
(1) the embrittling effect of hydrogen deposited with 
the chromium, (2) cracks in the chromium, and (3) 
residual stresses in the chromium. However, it was 


shown that there was no simple relationship between 
the fatigue limit and the amount of hydrogen remain- 
ing in the chromium after a baking treatment. Fur- 
ther experimental evidence indicated that cracks pres- 
ent in the chromium were not the principal cause of 
the reduced fatigue limits of the plated steels. 


“Tongues” cut in thin-walled tubes of annealed chro- 
mium-plated steel illustrate the effect of heat treatment 
on residual stresses in the plate. The tongue bent away 
from the tube (B and C) indicates the presence of stress 
in tubes heated at 200° C: (B) Heated first and tongue 
subsequently cut; (C) tongue cut and tube subsequently 
heated. The free end of D (heated at 440° C and tongue 
subsequently cut) is depressed below the surface of the 
tube, indicating release of the stresses. Arrow (D) points 
to ball bearing resting in the depression. 
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It is generally agreed that residual stresses in a 
material markedly affect its fatigue limit. Thus, in 
steel, compressive stresses, such as are produced by 
shot peening, increase the fatigue limit; tensile stresses 
have the opposite effect. In order to show the presence 
of tensile stresses in electrodeposited chromium and 
the effect of heat treatment on these stresses, thin-walled 
tubes of annealed steel were chromium-plated and 
subsequently heated to different temperatures. 
“Tongues —strips about 34¢ in. wide and 2 in. long, 
with one end left attached—were then cut in the tubing 
to permit a qualitative evaluation of stresses in the 
chromium plate. 

Tongues cut in plated tubing that had not been 
heated were found to bend slightly outward from the 
surface of the tube, indicating the presence of residual 
tensile stresses in the plated layer. Baking the plated 
tubes at temperatures around 200° C was found to 
further increase the tensile stresses in the chromium, 
as shown by the greater bending of the tongue away 
from the tube surface. 

From these observations, it was concluded that 
the decreased fatigue limit accompanying the heating 
at 200° C of the plated fatigue-test specimens was due 
to increased tensile stresses induced in the chromium 
plate. This conclusion has been further substantiated 
by experiments showing that electrodeposited chro- 
mium subjected to a heating-and-cooling cycle increases 
in density and thereby contracts; since no significant 
dimensional changes occur in the steel upon comple- 
tion of the cycle, the steel tends to restrain the complete 
shrinkage of the chromium layer and thereby increases 


the tensile stresses in it. If the chromium-plated steel 
is heated to a sufficiently high temperature (above 400° 
C), the contractive forces in the chromium produce 
sufficient tensile stresses to cause plastic flow or rup- 
ture of the chromium plate, thus relieving the residual 
tensile stresses in it. Thus, when “tongued” tubes 
were heated above 400° C, the free ends of the tongues 
were depressed below the surfaces of the tubes, indi- 
cating a release of the restraint in the steel initially 
caused by residual tensile stresses in the chromium. 
This suggests that the increased fatigue limits pro- 
duced in the fatigue specimens heated above 400° C 
were caused by stress relief in the chromium plate 
accompanying its plastic flow or rupture. 


Composition of steels used in studying the influence of 
chromium plating on their fatigue limits 


SAE X4130 Steel 
er SAE 
Element 6130 Steel 
| Lot A Lot B Lot C | 
% % % To 
Carbone ee sae. eens a 0.35 0. 29 0.33 0. 30 
Manganese ______--.------- 56553 A 700 61 
POSH ORUS 2 ae ee nO . 02 . 03 03 
Sultans Se ee ee eS . 02 .02 OL 04 
SUICOM SS. eee eersne eS 21 25 . 24 . 25 
Chrome ee ae ee .95 . 96 1.05 1.01 
Moly bdentin == .2a22 ns mk) . 24 0. 20 (@) 
Waambraliipbods 3.22 So ee (8) (8) (8) 0. 22 
Nickel are ee Ae (a) U5) ly, (8) 


a Not determined, 


Heater Compensation Improves Stabilized 


Power Supplies 


A new method of compensating for line-voltage 
changes in stabilized direct-current power supplies has 
been developed by Robert C. Ellenwood and Howard 
E. Sorrows at this Bureau. In the new circuit arrange- 
ment, heater-voltage fluctuations are used to compensate 
for the line-voltage fluctuations. This compensation 
thereby increases the stability of the output voltage. 
The method can be applied to power supplies employ- 
ing degenerative voltage stabilizers in which direct- 
current amplifiers compare the output voltage against 
a fixed reference voltage. When the output voltage 
changes, the resulting voltage difference between the 
output and the reference potential is amplified by the 
amplifier so that the resistance of a control tube is 


altered in such a way as to restore the output voltage 
to its original value. The stability of such power sup- 
plies without heater compensation is adequate for many 
purposes, but for very precise measurements where 
greater stability is required, the new heater-compen- 
sated power supply fills a definite need. Heater com- 
pensation can be used to good advantage in power sup- 
plies for such constant-current devices as direct-current 
amplifiers and microwave oscillators. 

In order to analyze the effect of heater compensa- 
tion, measurements were made on a typical stabilized 
power supply (350 volts, 44 ampere). The experi- 
mental heater-compensated power supply constructed 
at this Bureau employs a type 6SJ7 pentode as the 


Heater-voltage fluctuations are employed to compensate for line-voltage fluctuations in an experimental heater- 


compensated power supply constructed at this Bureau. 


The new circuit arrangement uses 6L6 tubes as control 


tubes and a type 6SJ7 pentode as an amplifier to compare the output voltage against a fixed reference voltage. The 
circuit illustrated gives a stabilized output of 350 volts at 250 milliamperes. Heater-compensated power supplies 
have good voltage stability and can be used to advantage as voltage sources for precision constant-current apparatus. 
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amplifier. Other tubes of the same general type have 
also been used with satisfactory results. Small port- 
able dry batteries are used as a reference voltage. The 
reference voltage was made nearly equal to the output 
voltage, so that the full change in output is applied 
to the control grid of the amplifier tube. The batteries 
are placed in series with the amplifier grid lead in such 
a way that no current is drawn. This results in a very 
stable reference voltage and lengthens the service life 
of the batteries. The control function is performed 
by several 6L6’s connected in parallel. Six tubes can 
carry a load current of 250 milliamperes and present an 
internal impedance of only 2 ohms. The output voltage 
was found to be influenced by small changes in the 
heater voltage of the amplifier tube but independent 
of the heater voltage of the control tubes. A change 
in temperature of the amplifier cathode produces a 
corresponding change in the velocity of the emitted elec- 
trons and consequently in the magnitude of the ampli- 
fier plate current. The amount of compensation from 
heater voltage action is a function of the amplifier 
screen-grid voltage, and the degree of control by the 
cathode over the plate current is greatest at low screen 
potentials. The correct screen voltage for maximum 
stability must be determined experimentally. 

When a change occurs in the heater voltage, the 
change in the amplifier plate current produces a pro- 
portional change in the voltage across the grid resistor 
of the control tube. This effect produces an addi- 
tional compensation for line-voltage changes. For a 
constant heater voltage, an increase in line voltage of 
10 volts results in an increase in output voltage of 


about 0.1 volt. With the line voltage to the stabilizer — 
held constant and the potential of the screen grid 
of the stabilizer set at 12.5 volts, an increase of 10 volts 
in the primary voltage of the heater transformer results 
in a 0.l-volt decrease in output voltage. With the 
high-voltage and heater transformers connected to a 
common line voltage and the screen grid voltage of the 
amplifier tube set at its proper value, the heater-com- 
pensated power supply shows a maximum deviation of 
0.01 volt from the nominal 350-volt output for a 10- 
volt change in the input. This is a variation of less 
than 0.0005 percent in output voltage for a 1-percent 
change in the line. The extremes in line voltage were 
taken as 100 and 120 volts. 

The compensating voltage exhibits a time lag de- 
pendent on the time necessary for the cathode tempera- 
ture to come to equilibrium. The effect of this time 
lag can be reduced by connecting a series resistance- 
capacitance circuit between the input terminal and the 
screen grid of the amplifier. When a sudden change of 
line voltage occurs, this RC circuit applies the proper 
voltage to the screen grid of the amplifier to com- 
pensate for the thermal time lag of the cathode tempera- 
ture. The time constant of the RC network was chosen 
to equal that of the cathode temperature change. 

Heater compensation gives much better operation 
in most power supplies using degenerative voltage 
stabilizers, without sacrifice of design simplicity. The 
principles of heater compensation can also be applied 
to good advantage in both alternating-current and 
direct-current amplifiers. 


Experimental Stone Masonry Wall 


An experimental masonry wall faced with over 2,000 
specimens of stone from 47 States and 16 foreign 
countries has recently been erected at the National 
Bureau of Standards. It will be used to study all 
phases of the weathering process on numerous varieties 
of stone as an aid in developing more reliable labora- 
tory methods for predicting durability. The complete 
investigation, which is being conducted by D. W. 
Kessler and R. E. Anderson of the Bureau’s building 
stone laboratory, will doubtless require many years, 
but some parts of the study will yield results in a com- 
paratively short time. The wall is a cooperative proj- 
ect initiated by the Bureau and the American Society 
for Testing Materials. Several other organizations, 
including producers of stone, have cooperated by sup- 
plying materials or advice. 

The wall was designed so that a number of problems 
connected with the weathering of building stone could 
be studied in the one structure. These include perma- 
nence of color, discoloration, effects of combining dif- 
ferent types of stone, waterproofing, durability, and di- 
mensional stability. Several special construction fea- 
tures were incorporated to facilitate the study of these 
properties. For example, the mortar joints were made 
wider than usual for ashlar masonry so that individual 
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blocks can be removed for examination when desirable. 
Construction was done by contract with Louis Perna & 
Sons, Inc., of Washington, under the personal direction 
of Mr. Rosa Amoroso. 

Most types of stone maintain a satisfactory appear- 
ance for long periods of time, but a few fade in color 
and others are affected by discolorations. Natural fad- 
ing is particularly noticeable in some of the more highly 
colored stones when they are exposed to the atmosphere 
in exterior locations. Some stones change color within 
a few years of exposure and, in a large collection of 
this kind, it is reasonable to expect that many specimens 
will lose their color during a long period of years. 
Small samples of a number of the stones have therefore 
been stored for future comparisons, and color photo- 
graphs have been made of the wall. 

Modern construction methods have apparently added 
to the discoloration problem. Because there is a wide- 
spread belief that discolorations come from the setting 
mortar, two widely different types of mortar were se- 
lected. In the right half of the wall, a high-calcium 
lime mortar was used; the other half was set with port- 
land-cement mortar. Many duplicate samples of stone 
were placed in corresponding positions in both halves 
of the wall for comparison of discoloration effects. 


In other instances, different types of stone that have 
been used together in the same structure for color 
effects have shown more rapid weathering than when 
used alone. This has been observed especially with 
combinations of sandstone, limestone, and dolomitic 
stones. These three types were so placed in the wall 
that their action on each other can be studied. 

Two types of waterproofings have been employed 
experimentally. They are “grade waterproofings”, 
which consist of impervious membranes between the 
foundation and the first course of stone to prevent 
the rise of ground water; and “back waterproofing”, 
which is a coating on the back of the stone to prevent 
penetration of water from other masonry materials. 
The rise of ground water in masonry structures prob- 
ably accounts for many of the discolorations on the 
lower courses and also for distintegration due to depo- 
sition of water-soluble salts in the stone. Three sec- 
tions of grade waterproofings were placed below the 
granite base, and in the two intervening sections the 
membranes were omitted. Although back waterproof- 
ing is not usually considered necessary, the stone in 
the central portion of the wall was, for comparison, 
built up ahead of the concrete backing and given a 
coat of asphalt emulsion. The remaining portions, 
embracing about two-thirds of the stonework, were not 
back waterproofed. 

Another problem of water penetration is the percola- 
tion of water through open joints. As a result of 
thermal expansion of the masonry units, vertical joints 
in such courses as copings and water tables frequently 
open up, and the percolation of water through these 
joints usually causes discolorations on the stonework 
below. In an effort to overcome this difficulty, thin 
pieces of slate have been placed below some of the 
vertical joints. One of the water tables on the back is 
made of 37 slabs of marble, and each joint has slate 
immediately below. The coping course, however, was 
set in the usual way, without slate. If these joints 
show leakage, the mortar will be removed to a depth 
of 1 in. and filled with plastic calking. 

Although natural stone is generally conceded to be 
more durable than other types of masonry, it is evident 
that some varieties are not entirely satisfactory. Im- 
portant structures, both here and abroad, have devel- 
oped early failures, although they were built to last 
for long periods of time. Improper selection of mate- 
rials usually results from too little data on destructive 
agents and their actions on different varieties of stone. 
Past studies and experience have indicated that no 
single durability test is applicable to all kinds of stone. 
Data derived from a systematic study of the causes of 
deterioration on many varieties will be helpful in de- 
veloping more dependable laboratory methods and 
specifications. 

Some stones, notably marble, have been found to in- 
crease permanently in volume on weathering. To de- 
termine the effects of this phenomenon on masonry as a 
whole, reference plugs have been placed in five courses. 
Periodic measurements of dimensions and warpage 
are being made. 


The weathering of many varieties of building stone will 
be studied in an experimental masonry wall that has been 
erected at this Bureau. The wall contains over 2,000 
different specimens of stone from 47 States and 16 
foreign countries. 


The total number of stones in the wall is well over 
2,000, of which nearly 300 are from foreign countries. 
A chart was designed to show the location of each in- 
dividual stone, and a catalog has been prepared that 
describes each sample by source, type, color, and tex- 
ture. The base course, quoins, and coping consist of 
varieties of granite, marble and sandstone, and lime- 
stone, respectively. In all, there are 30 distinct types 
of stones, some of which are not commonly used as 
building stone. Many represent types that are of in- 
terest only in a local sense. A few of the lightweight 
materials like “tufa stone” and “coquina” may find 
wider usage if they prove to have suitable resistance 
in a more severe climate than that of the dry or mild 
regions where they have been used. 


WWYV Radio Storm Warning 


Effective November 1, 1949, the Bureau’s Central 
Radio Propagation Laboratory will extend the disturb- 
ance warning services broadcast by radio station WWV 
with the addition of a new category of propagation con- 
ditions primarily affecting the North Atlantic radio 
circuits. The letter “U” will be used to provide a warn- 
ing of an unstable condition in the ionosphere which 
often cecurs as major disturbances subside. Under 
these conditions satisfactory reception of high-power 
transmitting equipment, but poor results from mobile 
and low-power short wave stations, may be expected. 

Station WWV has previously given warnings “W” 
when disturbed conditions were present or expected 
within 12 hours, and has indicated “N” when condi- 
tions werenormal. These signals, “W”, “N”, and “U”, 
are sent in the International Morse Cede at nineteen and 
forty-nine minutes past each hour. 
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Severe mechanical shocks administered to electron tubes 
simulate rough handling and dropping. The high-impact 
machine used in the Bureau’s electron tube laboratory 
consists of a test table, on which the tube is mounted, 
and a hammer suspended like a pendulum. 


Rugged electron tubes are indispensable wherever 
electronic equipment is used under severe conditions 
of vibration, shock, or acceleration. Important in the 
development of such tubes are methods of testing for 
sturdiness and durability. These methods are now be- 
ing studied and developed at this Bureau as part of a 
comprehensive tube ruggedization program under the 
direction of I. L. Cherrick of the Bureau’s electron tube 
laboratory. One phase of the project consists of a 
survey of the actual operating conditions for electron 
tubes in various kinds of commercial, industrial, and 
military applications. This study provides a practical 
basis for the design of test equipment to simulate 
the hazards of actual use. 

In addition to working out adequate test methods, 
the Bureau is developing new kinds of rugged tubes. 
The design of these tubes is based on an analysis of 
the ways in which ordinary tubes fail under test or 
in service. A detailed knowledge of operating condi- 
tions and tube failures is thus a useful guide to the 
design of tubes that will be strong enough to operate 
properly under severe mechanical abuse. Some tubes 
may have to withstand great extremes of temperature 
as well, but in any case the mechanical design of a 
rugged tube is strictly governed by the required elec- 
trical properties. 

The Bureau’s facilities for testing the ruggedness 
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Rugged Electro: 


A radiograph of two type 6SN7GT electron tubes shy 
ized version (right). Compare the heavy, rigid arr) 
at the left. X-ray photographs are useful in revealjc 
various mechanical ruggedness tests. 


of electron tubes now include vibration apparatus, me- 
chanical resonance testers, high-impact shock machines, 
and high-speed centrifuges. Some tests are conducted 
with typical electrical potentials applied to the tube 
elements so that noise modulation, short circuits, and 
other effects can easily be studied. Destructive field 
conditions can be reproduced through the proper choice 
of vibration, resonance, impact, and acceleration tests. 

After receiving various ruggedness tests, tubes are 
examined for structural failures. X-rays are some- 
times used to reveal the extent of structural changes 
without opening the tube envelope. Materials for 
certain tube elements are examined spectroscopically 
to determine their exact composition and to find im- 
purities that might weaken the tube structure. This de- 
termination of the real causes of tube failure is an im- 
portant part of the rugged tube program. Out of these 
studies will come recommended specifications for ma- 
terials best suited to particular ruggedization problems. 
In some cases new materials and new methods of fabri- 
cation must be developed to meet the unusual require- 
ments of ruggedization. 


Mechanical Vibration Tests 


Vibrations produce the most common mechanical 
stress encountered by electron tubes under service con- 


be Development 


vrnal structure of a regular tube (left) and a rugged- 
if the ruggedized tube with the narrow, weak design 
jire and extent of,structural failures produced by the 


ditions. Continuous and intermittent vibrations are 
present in vehicles, in aircraft, on shipboard, and in 
industrial applications. A survey of the actual vibra- 
tions in each type of service shows that there are defi- 
nite, characteristic vibration frequencies—a noise 
spectrum—associated with each application. In motor 
vehicles the vibrations are usually of rather low fre- 
quency, but in aircraft they may range up to 10,000 
cycles per second. 

The electron tube laboratory’s mechanical vibration 
machines employ an electric-motor drive so arranged 
that motor speed can be adjusted to vibrate the driven 
element at any selected frequency between 7 and 60 
cycles per second. Vibration equipment of this type 
can, of course, be designed to produce higher frequen- 
cies, but this is not usually done because of the lack 
of precision in frequency control, excessive wear on 
moving parts, and the appearance of unwanted har- 
monics. In some cases it may be useful to construct a 
vibration machine to work at a particular fixed fre- 
quency up to several thousand cycles per second, al- 
though it would be necessary to limit the amplitude of 
vibration to prevent self-destruction of the machine. 

Several different types of low-frequency vibration 
apparatus are in use at the Bureau. One vibrator em- 
ploys an unbalanced fly-wheel suspended on _ leaf 
springs; the frequency of vibration depends on the 


Centrifugal acceleration provides a good over-all quality 
check for ruggedness in electron tubes, revealing such 
defects as weak glass envelopes, poor welds, and low 


rigidity. Up to a dozen tubes can be placed in the 
centrifuge at one time. 


speed of rotation, and the amplitude depends on the 
stiffness of the springs. Also in use is a vibrator in 
which the circular motion of a fly-wheel is converted to 
linear vibration of a test table through a simple mecha- 
nical linkage. The amplitude of vibration is approxi- 
mately 0.2 inch, peak to peak. 

Electron tubes are often tested by continuous vibra- 
tion for periods of several days to produce fatigue fail- 
ures at the points of weakness. These tests are usually 
conducted at a fixed frequency that is representative of 
field conditions. In shorter runs the vibration fre- 
quency is usually varied cyclically in order to study 
the effect of a range of frequencies on the performance 
of the tube under test. 

Mechanical vibrations have many different effects on 
the operation and life of electron tubes. Fatigue fail- 
ures due to vibration are very common in ordinary 
tubes. They are especially likely to occur in tube ele- 
ments made of crystalline materials, such as filaments 
and cathode coatings. Improperly welded joints are 
another frequent source of trouble. When the tube is 
operated under vibratory conditions, flashovers between 
electrodes may occur, and mica contacts will often chip 
or split if they are placed against a glass envelope. 
The grid wires and the plate of an electron tube, how- 
ever, seldom exhibit fatigue failures. High-amplitude 
resonance vibrations in the tube structure may occur at 


119 


particular frequencies, and the vibration of tube ele- 
ments may affect the operation of the tube by introduc- 
ing microphonics. Noise modulation results from the 
vibration of tube elements and the consequent varia- 
tion in interelectrode spacing. 


Mechanical Resonance Tests 


The most severe effects are encountered in cases 
where the vibration applied to the tube contains com- 
ponents of a particular frequency that corresponds to 
the natural frequency of vibration of some tube element 
or structure. The electrical noise in the output of the 
tube will then have a sharp peak at this resonant fre- 
quency that may be large enough to completely over- 
ride the desired signal. Microphonic effects are a 
major problem in applications where the normal me- 
chanical vibration occurs over such a broad frequency 
spectrum that the natural resonant frequency of a par- 
ticular tube element is excited by some component of 
the incident vibrational energy. 

Mechanical resonance apparatus differs from vibra- 
tion equipment principally with regard to size—reso- 
nance testers are smaller and involve lower energies. 
The mechanical resonance testers in use at the Bureau 
are in the form of loud-speaker-type vibrators. The 
vibrator is excited by means of an audio oscillator and 
amplifier that produce an audio-frequency signal that 
can be varied from low frequencies up to more than 
20,000 cycles per second. This vibration is monitored 
by means of a magnetic-type moving-coil vibration 
pickup attached to the tube mounting. The proper 
electrode potentials are furnished by a battery power 
supply to minimize extraneous noise effects. In test- 
ing for microphonism a special mounting is used to 
transmit the vibrational energy directly to the tube, 
and a cathode-ray oscilloscope is connected to the plate 
circuit of the tube so that noise modulation correspond- 
ing to a given mechanical vibration frequency will ap- 
pear as a deflection on the oscilloscope screen. 

At certain critical frequencies, noticeable resonances 
may occur in any tube. The vibration of the plate it- 
self may be sufficient to produce an objectionable noise 
effect. In some cases the mechanical resonance vibra- 


tion may be sufficient to cause fatigue failure of tube 


we : x SaaS Beer 
The ability of electron tubes to withstand low-frequency 
vibrations is determined by means of a mechanical vibra- 


tion machine that employs a cardioid cam to vary the 
vibration frequency through a continuous cycle. 


120 


elements. For example, oxide coatings of cathodes 
will often flake off as a result of resonance vibrations. 
The best preventive for resonance conditions is to de- 
sign the tube so that the natural resonant frequencies 
of the various tube elements are higher than the vibra- 
tion frequencies met in practice. It is important to use 
stiff materials for structural parts, to shorten the tube 
structure, and to design the cross sections of elements 
for greatest rigidity. 

In general, mechanical resonance can be reduced by 
isolating the tubes from sources of low- and _ high- 
frequency vibration by means of rubber mountings of 
suitable design and by making the tube structure as 
rigid as possible to avoid resonance with high-frequency 
vibrations. It is extremely important to employ low- 
strain designs at all points of glass-to-metal contact and 
to eliminate brittle materials wherever possible. It is 
often useful to carry out a theoretical analysis for an 
idealized structure approximating the structure of the 
tube under consideration. In this way, the designer 
can achieve a rough guide to the resonant frequencies 
of each tube element and an indication of whether or 
not a proposed design will be satisfactory. 


High-Impact Shock Tests 


Impact tests determine the ability of electron tubes 
to withstand rough handling and dropping. Shocks of 
this sort occur in shipment of tubes, in motor vehicles, 
in military operations, and in use with industrial equip- 
ment. Impact shocks result in tube failures of the same 
general type as those produced by vibration and reso- 
nance, but shattering of the glass envelope and break- 
ing of brittle metal parts are more frequent. 

The high-impact machine used at the Bureau consists 
of a test table, on which the tube is mounted, and a 
hammer suspended like a pendulum so that the energy 
imparted to the table will be a function of the angle 
from which the hammer is released. The table and 
hammer weigh about 75 pounds apiece, and the impact 
machine can test tubes weighing up to 25 pounds. 
Tubes may be mounted in any desired plane, and nor- 
mal operating potentials or shorting indicators can be 
connected to the tube elements. Instantaneous accel- 
erations up to a maximum of several hundred times 
the acceleration of gravity and down to a minimum of 
50 g may be readily selected. The duration of impact 
is less than a millisecond. Impact accelerations are 
measured with a quartz-crystal accelerometer and veri- 
fied by means of streak photography. 


Centrifugal Acceleration Tests 


High-acceleration conditions are met principally in 
the application of electron tubes to electronic equip- 
ment in high-speed devices, where tubes receive large 
continuous forces for relatively long periods of time 
compared to the brief, transient-force conditions under 
impact. A tube that will withstand high accelerations 
must have great structural rigidity to prevent shifting 
and bowing of the various electrodes. 


The motor-driven centrifuge now in use in the elec- 
tron tube laboratory of the Bureau can produce acceler- 
ations up to several thousand times the acceleration of 
gravity. Its rotational speed, as measured with a tach- 
ometer or with a stroboscopic pick-up, ranges up to 
18,000 revolutions per minute. The centrifuge can be 
modified to increase the acceleration by evacuating the 
chamber so that the driven element will not be opposed 
by the resistance of the air. The speed of a centrifuge 
can be closely and easily controlled, making it possible 
to reproduce particular test conditions on different 
centrifuges. This cannot usually be done with other 
types of dynamic test equipment. 

Objects weighing up to several ounces—and this in- 
cludes almost all miniature and subminiature tubes— 
may be tested in the present centrifuge. As many as 
a dozen tubes can be placed in the chamber at one time. 
Tubes can be oriented at various angles to the direction 
of acceleration in order to study the differences in rigid- 
ity of components in different directions. Newer cen- 
trifuges permit connection of typical operating poten- 
tials to the tube elements so that the electrical perform- 
ance can be studied during high acceleration. Centri- 
fuges have been designed to give very high accelera- 
tions—the Beams type is notable in this respect. In the 
near future the electron tube laboratory will place such 
a high-acceleration centrifuge into operation. 

Centrifuge acceleration tests provide a good over-all 
quality check for electron tubes. The most common 
tube defects revealed by acceleration tests are high 
bending moments, inability of the glass envelope to 
support the internal structure, breaking of welds, bow- 
ing of elements, and interelectrode shorts. Taken to- 
gether, the vibration, resonance, impact, and accelera- 
tion tests provide a useful picture of tube behavior when 
subjected to mechanical forces. 


Testing and Design 


The development of rugged electron tubes is a good 
example of the interdependence of testing and design. 
In a sense, the creation of rugged tubes is brought about 
through a series of successive approximations. The 
development of a rugged tube might begin by applying 
appropriate mechanical tests to an existing commercial 
type whose electrical characteristics suit the intended 
application. The results of these tests would show in 
what way this tube type fails to meet the ruggedness 
requirements. A preliminary revision of the tube de- 
sign could then be made with the test results as a guide, 
and a handmade model constructed in the model shop. 
The same tests could then be repeated for this experi- 
mental tube. Usually the tube would turn out to be a 
vast improvement over the commercial type, but in some 
respects it might not yet fulfill the necessary ruggedness 
requirements. At this point the designer would prob- 
ably have a clear idea of the direction to take in order 
to achieve a satisfactory rugged tube. It might in- 
volve a search for better materials for use in some tube 
elements, new methods of fabrication adapted to even- 
tual mass production, or better geometrical configura- 
tions and alinement of tube elements for maximum 
rigidity. The influence of each structural element on 
the over-all strength of the tube would be carefully con- 
sidered. Thus, through a succession of several trial 
designs a suitable rugged tube would be evolved. 

At present the cost of rugged tubes is about three or 
four times more than conventional tubes. But it is 
not unreasonable to expect that as more is learned 
about production methods and materials applicable to 
rugged tube types the cost will be much less and all 
preferred tube types will eventually be available in 
ruggedized form. 


Permanent Gloss Standards 


Permanent gloss standards, covering the entire gloss 
range of nonmetallic commercial materials, are now 
available from the National Bureau of Standards. 
These standards, which may be used to calibrate any 


60° specular glossmeter in the range from matte to high 
gloss, are made of ceramic materials for permanence, 
and the surfaces have been specially chosen for similar- 
ity to commercial materials whose gloss is important. 
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The new NBS permanent gloss standards cover the complete range of nonmetallic commercial materials from 
high gloss (left) to matte (right). For illustration, a grid has been placed at right angles to the standards, and 
the reflected lines indicate the relative effectiveness of the different plaques in forming distinct images. The re- 
flected light distributions associated with the image-forming properties of the plaques can be used for checking 


the aperture of commercial glossmeters. The standards are made of durable materials and the surfaces have 
been chosen for similarity to commerial items whose gloss is important. 
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Sets of the 60° specular gloss standards may be ordered 
from the National Bureau of Standards, Washington 25, 
D. C., for $70 a set. 

Measurement of gloss is becoming increasingly im- 
portant in many industries. For example, high-gloss 
paper is required for good reproduction of halftone 
prints, and low-gloss paper for easy reading of material 
in type. Building interiors must range from semi- 
gloss to matte to prevent eyestrain caused by reflected 
images of the light sources. Gloss of a paint finish 
should always be adjusted to the use of the finish. Out- 
door finishes, such as automotive enamels, have high 
eloss for permanence, whereas matte finishes are given 
most war goods for low visibility. Gloss measure- 
ments are also important in defining the wear resistance 
of plastics and ceramics. 

The gloss measurement is essentially a simple one. 
When a specimen is illuminated at some angle from 
the perpendicular, the proportion of the light reflected 
at angles near that of mirror reflection is defined as 
gloss. A critical part of the definition of gloss, how- 
ever, is the amount that the reflected beam may depart 
from the strict direction of mirror reflection and still 
be counted as contributing to gloss. With glossmeters 
commercially available at the present time, replace- 
ment of the lamp, for example, may introduce instru- 
mental error unless readjustment is made. The new 
gloss standards permit a rapid check of instrument cali- 
bration at any time and give a basis for readjustment 
of the instrument if required. 

The gloss standards have been prepared according 
to ASTM Method D523 for the 60° Specular Gloss of 
Paint Finishes. A set consists of two white Vitrolite 
plaques having nominal gloss values 1 and 90, and 
eight glazed ceramic plaques with nominal gloss value 
10, 20, 30, 40, 50, 60, 70, and 80. Each plaque, ap- 
proximately 414 in. square, is engraved with the nom- 
inal gloss value followed by a serial number. The 
edges and backs of the ceramic plaques are coated with 
glyptal cement to prevent absorption of water. 

The plaques are measured for 60° specular gloss ac- 
cording to the ASTM method, using a glossmeter cali- 
brated with the gloss reference standards of the Na- 
tional Bureau of Standards. These measurements in- 
clude both the true gloss and a diffuse reflectance com- 
ponent. Corrected gloss values are obtained by sub- 
tracting the 0—60° luminous directional reflectance 
measured with an ASTM receiver aperture. The cor- 
rections for each standard are included in the certifi- 
cate accompanying each set. The gloss values for 
standards above 15 are given to the nearest gloss unit, 
below 15 to the nearest tenth of a unit. 

Although the plaques have been selected for their 
superior quality, a certain amount of nonuniformity is 
unavoidable. In order to minimize errors arising from 
nonuniformity, the central area of each plaque is meas- 
ured, and the reverse face is marked with an arrow and 
centerlines. The centerlines are used for positioning 
the central area, and the arrow indicates the direction 
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The schematic diagram of the NBS glossmeter illus- 
trates the procedure for calibrating the gloss standards 
issued by the Bureau. In this instrument, the geometric 
variables are controlled to the desired accuracy. 


of illumination during measurement. The same ori- 
entation should be followed in the use of the plaques. 

The uncertainty in the reported values is estimated 
to be +0.2 gloss unit for the lowest gloss standard and 
to increase to +1 gloss unit for the highest gloss stand- 
ard. Since glossiness is a surface reflection character- 
istic, the condition of the surface must remain un- 
changed if the reported gloss values are to remain 
valid. The surfaces of the standards have been found 
to be reasonably permanent, but they must be protected 
from dirt and abrasion. 

Even with the aid of standards it is not possible to 
do precise gloss measurement in the medium to high 
eloss range unless the glossmeter used meets very 
closely the aperture requirements of ASTM Method 
D523, or unless the reflected light flux distribution of 
the specimen and standard are nearly identical. Since 
it is not practical to meet the latter requirement, it is 
desirable to make a test for the former. This may be 
accomplished by adjusting the instrument to read cor- 
rectly the gloss of a highly polished surface, such as 
the “90” standard, and then reading the gloss of a. 
high-gloss surface having poorer image-forming char- 
acteristics, such as the “80” or “70” standard. If un- 
der these conditions the instrument reading for the sec- 
ond standard does not agree closely with the reported 
value, the instrument should not be used for high-gloss 
measurement without readjustment, preferably by the 
manufacturer. 

For proper use of the gloss standards the following 
recommendations should be followed: 

Clean standards before use. Standards should be 
washed with soap and warm water, rinsed, and dried 
over night. Standards having gloss values lower than 
25 should be scrubbed lightly. 

Handle carefully to avoid abrading the surfaces. 
One or two deep scratches are not as serious as a large 
number of small, almost imperceptible ones. 

Back translucent plaques with opaque material to 
prevent room light from affecting gloss readings. 

For greatest precision, use standards oriented as they 
had been during the original measurements. 


Numerical Analysis Symposia 


A 10-day meeting open to the scientific public was 
held at the end of June at the Bureau’s Institute for 
Numerical Analysis in Los Angeles. The first sym- 
posium in the integrated series of lectures and discus- 
sions relating to the work of the Institute was devoted 
to the subject of conformal mapping. The emphasis 
of this symposium was placed on physical applications 
and construction of conformal maps, especially as they 
relate to the use of high-speed electronic computing 
machines. The session was inaugurated with a 1-day 
course on the programming of automatic computers, 
given by the Bureau staff to acquaint those attending 
later meetings with the preparation of problems for 
automatic digital computing machines. 

The morning of the second day was devoted to a 
general mathematical introduction in the form of ad- 
dresses by Richard von Mises of the Graduate School 
of Engineering of Harvard University, and Richard 
Courant, Director of the Institute for Mathematics and 
Mechanics of New York University. J. H. Curtiss of 
the National Bureau of Standards was chairman of this 
meeting. Dr. von Mises gave a critical review of 
digital methods now available for the construction of 
conformal maps, stressing the need for a high-speed 
automatic computing machine capable of solving very 
large systems of linear algebraic equations. He sug- 
gested in this connection that the speed of such com- 
puting machines should be measured in terms of the 
number of algebraic equations they can solve in a given 
length of time, rather than by the speed of multiplica- 
tion. Dr. Courant’s lecture was devoted to the con- 
formal mapping of multiply connected regions, partic- 
ularly as illustrated by flow patterns, and the use of 
electrolytic tanks and other analog devices to calculate 
such maps. 

The afternoon session, with D. V. Widder of Harvard 
University as chairman, covered applications of con- 
formal mapping, including torsional rigidity, prin- 
cipal frequency, and electrostatic capacity. Industrial 
applications, especially in the electrical industry, as 
well as applications to electromagnetic field problems, 
were also discussed. 

The following morning session, under the chairman- 
ship of J. L. Barnes of the University of California at 
Los Angeles and North American Aviation, was con- 
cerned with fluid dynamics. Lectures were delivered on 
the Helmholtz problem of conformal representation, 
conformal mapping in aerodynamics, mapping of vari- 
able regions, airfoil problems showing how numerical 
methods can be based on the geometry of conformal 
mapping, and flow phenomena at the free surface of an 
infinite sea. 

The theory of conformal maps was discussed in the 
afternoon session under the chairmanship of W. T. 
Martin of the Massachusetts Institute of Technology. 
The talks covered variational methods for simply and 
multiply connected domains, kernel functions and con- 
formal mapping, and the use of kernel functions in a 
proof for the Riemann mapping theorem. 


The general morning session on the last day of the 
conformal mapping symposium was presided over by 
J. W. Green of the University of California at Los 
Angeles. The papers presented at this session covered 
work on extremal methods and conformal invariants, 
conformal mapping in gas dynamics, recent contribu- 
tions to conformal mapping by the Hungarian school, 
monodiffric functions, and conformal mapping in the 
theory of minimal surfaces. 

H. F. Bohnenblust of the California Institute of Tech- 
nology was chairman of the final afternoon session de- 
voted to numerical methods, including relaxation meth- 
ods as ancillary techniques, the use of conformal map- 
ping to compute flows with free streamline, and the 
application of conformal mapping to problems in coni- 
cal supersonic flows. 

Several interesting conclusions can be drawn from 
the discussions at the conformal mapping symposium. 
Apparently there is a continuing interest in conformal 
mapping on the part of scientists working in the appli- 
cations of mathematics, especially in electrical engi- 
neering and fluid dynamics. It was also evident that 
there was a need for a much more extensive catalog of 
conformal maps (in both analytic and tabular form) 
than now exists. Finally, it is believed that digital 
techniques for automatic computing machinery are at 
present receiving insufficient attention by workers in 
the field of conformal mapping. Extensive compara- 
tive studies of the relative usefulness of various methods 
are very much needed at the present time. 

The first symposium was followed by a 2-day course 
on automatic computation given under the direction of 
H. D. Huskey of the Bureau staff. The course was de- 
signed to explain the underlying logical theory and 
performance characteristics of the automatic digital 
calculators being developed throughout the country. 
Morning lectures included comparisons of electronic 
and nonelectronic digital computing systems, classifica- 
tion of computing machines by type, and the program- 
ming of various automatic computers. Laboratory 
sessions were held on both afternoons to allow the par- 
ticipants to work out detailed routines for elementary 
processes, such as division, extraction of square root, 
and floating addition, for a prescribed automatic digi- 
tal computing system. 

The Symposium on the Monte Carlo Method, unlike 
the preceding events that were sponsored entirely by the 
Institute for Numerical Analysis, was jointly arranged 
and sponsored by the Institute and the Rand Corpora- 
tion, with the cooperation of the Oak Ridge National 
Laboratory. This symposium brought interested scien- 
tists together for the first time to discuss this new branch 
of applied mathematics in which work up to now has 
largely been carried on under security classification. 

The Monte Carlo Method can be described quite 
generally as the representation of a physical or mathe- 
matical system by a sampling operation satisfying the 
same probability laws as the system itself. Thus for 
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example, the numerical integration of partial differ- 
ential equations of a certain type can be accomplished 
by building up a large sample of trials of certain sto- 
chastic processes whose probability functions asymptot- 
ically satisfy the differential equations. In certain 
physical situations, the physicist may prefer to place 
primary emphasis on the random processes and the as- 
sociated sampling operations, regarding them as a new 
kind of mathematical model. 

After an introductory session, at which S. Ulam and 
J. von Neumann discussed the history of the Monte 
Carlo Method and outlined the areas in which it is being 
applied, some 12 papers covering current applications 
were given in 2 sessions under the chairmanship of Dr. 
von Neumann and Frank C. Hoyt. A session on ran- 
dom digits was held on the following afternoon under 
the chairmanship of Jerzy Neyman of the University of 
California. Three short papers were given on the 
generation and testing of random digits. Dr. von Neu- 
mann then gave an interesting general discussion of 
the philosophy of random digits and of the various 
possible techniques that could be used to generate 
them. One of the points that he established was that 
any number used during the course of a computation on 
automatic digital computing machines ought to be the 
»roduct of a reproducible routine, and from this point 
of view mathematically generated “pseudo-random” 
numbers and digits are to be preferred to random digits 
created by some sort of physical or mathematical “truly 
random” sampling process taking place within the 
machine. 


Both sessions on the last day of the symposium were 
under the chairmanship of John W. Tukey of Princeton 
University. The morning session explored the con- 
nection between stochastic processes and differential 
equations. At a round table discussion in the after- 
noon the many distinguished mathematical statisticians 
and experts in the analytic theory of probabilities 
brought out several interesting points. The statis- 
ticians emphasized in particular that the method of 
sampling has long been used in the statistical field in 
the solution of difficult problems in distribution theory. 

The symposium has indicated that the Monte Carlo 
Method can be made into an especially useful research 
tool through the use of automatic digital computing ma- 
chinery. The mathematicians of the Institute for Nu- 
merical Analysis concluded that, although the method 
is at present being largely employed as a rough method 
of theoretical research to obtain results that can later 


be checked against experiment, more attention now 


needs to be given to theoretical aspects in the light of 
the modern classical theory of stochastic processes. 
The use of the Monte Carlo Method as a technique for 
solving strictly mathematical problems will require 
much experimental numerical work as well as theo- 
retical study before the advantages of the method for a 
wide area of problems can be established. The sym- 
posium also brought out once again that there is an 
urgent need for competent and organized exposition in 
the field of the modern classical analytic theory of 
probabilities. 
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